Background: The use of wild birds, for several purposes, is directly associated with cultural, ecological, and conservation issues. This study aimed to inventory the wild birds known and used in three communities in Paraíba state, northeast Brazil, and to investigate the sociocultural context in which these activities occur. Methods: A total of 179 people (98 women and 81 men) were interviewed. Data were collected through free interviews, using semi-structured forms, and posing questions about the use of local wild birds. The species were identified by direct observation of the birds, analysis of photographic records, and the use of a scientific guide. Results: Each species' use value (UV) was calculated in three different ways: UV general , UV current , and UV potential . These UVs ranged from 0.01 to 1.15 for UV g , 0 to 0.21 for UV c , and 0.01 to 1.02 for UV p . A total of 99 species, 81 genera, and 40 families were recorded and classified into the use categories of food, breeding, and medicinal. Thraupidae (12 species), Columbidae, Accipitridae, and Icteridae (8 species each) were the most diverse families. Conclusions: The use of wild birds is a widespread activity in the studied areas, where many species are used. This demonstrates the need to conduct studies to assess the pressure suffered by these bird species, as well as the need to create public policies that intervene in the use and conservation of wild birds.
Background
South America is considered the birds' continent because it encompasses about one third of all bird species on Earth [1] . The Brazilian Committee of Ornithological Records [2] states that 1919 species have been recorded in Brazil, 270 of which are endemic. Brazil, along with Colombia and Peru, it represents the group of the richest countries in bird diversity in the wolrd [1, 3, 4] .
There are several biomes and phytogeographical regions in Brazil; Ab' saber [5] states that Caatinga is one of the six great landscape and macroecological domains in the country. Located in the interior of northeastern Brazil, in terms of biodiversity, Caatinga is considered one of the richest semi-arid regions in the world [6] and is known as an important endemic centre for South American birds [1, [7] [8] [9] [10] . Currently, a total of 511 species have been recorded in the Caatinga biome; this number corresponds to 30% of all birds recorded in Brazil. Currently, Caatinga has 20 endangered species and 15 endemic species [11] .
Among the vertebrates, birds are the easiest group to identify, since they are active and easily seen during the day and clearly distinguish themselves from other animals due to their plumage and their ability to fly and sing [12, 13] . This has also perhaps made them vulnerable and easy targets, mainly for the illegal trade, as well as largely recognised by human populations.
In Brazil, the use of wild birds is a widespread practice in both rural and urban areas [12] [13] [14] . In both big and small cities, birds are used for different purposes and are of great social, economic, and cultural importance. Some birds are used by the local population as a source of food (meat, eggs, and bones), medicine (traditional medicine), and ornamental products (eggs and feathers), as well as being used for companionship and ornamentation (songbirds, pets) [13] [14] [15] .
Birds have been present in all cultural levels of human life, from prehistory to present times [15] , as components of the wild fauna and constituents of an essential and significant part of human daily life, establishing cognitive, emotional, and behavioural bonds [14, 15] . The study of these bonds and the relationships between people and birds is approached using the principles of ethnobiology, and more specifically by ethno-ornithology [14, 15] , which studies the knowledge, symbolism, meaning, and attributes of birds by human communities. These people-bird relationships became important in the Brazilian semi-arid region, where edaphic and climatic factors and socioeconomic conditions led the local populations to develop a very singular sociocultural structure and a strong relationship with the faunal and floristic resources of their region [13] [14] [15] [16] [17] .
Given the importance of wild fauna to the populations of the semi-arid region of northeastern Brazil, this study recorded and evaluated how local populations use these resources. The goal was to provide information to support the development of strategies for reducing negative impacts on the species that are used by the population, such as the development of sustainable management plans for species that are under a high pressure of use, in order to avoid their local extinction.
Materials and methods

Study area
This study was conducted in the semi-arid region of Paraíba state, in the municipalities of Solânea, Lagoa, and São Mamede (Fig. 1) . It aimed to record the residents' knowledge and use of the birds in each region. The rural communities of Pereiro (Lagoa), Capivara (Solânea), Gatos, and Várzea Alegre (São Mamede) were visited.
The municipality of Lagoa is located in the mesoregion of Sertão (a Brazilian region with a semi-arid climate and vegetation) and in the microregion of Catolé do Rocha. It is 394 km away from João Pessoa, the state capital, at the coordinates 6°35′ 26″ S latitude and 37°5 4′ 52″ W longitude, and borders the municipalities of Bom Sucesso, Jericho, and Mato Grosso (to the north); Pombal (to the south); Paulista (to the east); and Santa Cruz (to the west). Its population of 4681 inhabitants (2010-data from the last population census conducted in Brazil) is distributed over an area of 177,901 km 2 [18] . In Lagoa, the study was conducted in the community of Pereiro, which is approximately 1 km from the downtown area of the municipality. This community's economy is based on agriculture, particularly sheep, goats, and cattle breeding, as well as the cultivation of beans, cotton, tobacco, and corn [18] .
The municipality of São Mamede (06°55′ 37″ S latitude and 37°05′ 45″ W longitude) is located in the mesoregion of Borborema and the microregion of Seridó Ocidental, 283 km from the state capital, João Pessoa. It has a population of 7748 inhabitants (2010-data from the last population census conducted in Brazil) and a It is bordered by Ipueira and Várzea to the north, Areia de Baraúnas and Passagem to the south, Santa Luzia to the east, and Patos and São José de Espinharas to the west. In São Mamede, the study was conducted in the communities of Gatos and Várzea Alegre, which are approximately 8 km from the downtown areas of the municipality. Its economy is based on rainfed agriculture (agriculture production occurs only during the rainy season) and consists mainly of bean and corn crops [18] .
The municipality of Solânea (6°46′ 40″ S latitude and 35°41′ 49″ W longitude) is located in the mesoregion of Agreste and the microregion of Curimataú Oriental, 130 km away from the state capital. It is bordered by Cacimba de Dentro (north), Arara and Serraria (south), Dona Inês and Bananeiras (east), and Casserengue and Remígio (west). It has a population of 30,598 (2010-data from the last population census conducted in Brazil), distributed over an area of 265,921 km 2 [18] . In Solânea, the study was conducted in the community of Capivara, located about 20 km from the downtown area of the municipality. It has a subsistence economy mainly based on subsistence agriculture (bean and corn) [18] .
Ethno-ornithological data collection
Ethno-ornithological data were collected through semistructured forms, free interviews, and guided tours with some informants. The avifauna was identified through (1) direct observation of the species, (2) a scientific guide (Avis Brasilis), and (3) analysis of photographic records taken during interviews and guided tours [19] , and complemented by informal conversations. The nomenclature used in this study follows the taxonomy suggested by the Brazilian Ornithological Record Committee [2] . Before each interview, a conversation was held with the informants to explain the purpose of the work, during which they were invited to sign a free and clarified consent form, The research was conducted from June 2011 to June 2012. The interviews were conducted with the two breadwinners of each family (male and female) in each community to record and evaluate their knowledge, with a total of 181 informants (98 women and 81 men). Out of these, 5 men and 17 women were from Lagoa, 26 men and 26 women were from São Mamede, and 51 men and 56 women were from Solânea. The difference between genders was due to the presence of widows and unmarried men. The ages ranged from 15 to 75 years in Lagoa, 21 to 81 years in São Mamede, and 19 to 81 years in Solânea. The semi-structured form used in the interviews included questions about the avifauna present found in the region, such as the purpose and the use attributed to these birds, methods of capturing the animals, and morphological and ecological descriptions for each species.
Data analysis Use value
The use value (UV) index was used to infer the local importance of the species, based on information from local residents. In the present study, the UV was calculated based on the proposal by Lucena et al. [20] , which considers three different ways of collecting and interpreting data from interviews. Thus, the current use value (UV c ) is based on the citations that people reported as corresponding to effective use; the potential use value (UV p ) is based on the uses that people cited, but do not perform; and the general use value (UV g ), which is commonly used in the literature, does not distinguish between use and knowledge.
where UV c = current use value of the species, U i = number of citations of current use of the species mentioned by each informant, and n = total number of informants.
where UV p = potential use value of the species, U i = number of citations of potential use of the species mentioned by each informant, and n = total number of informants. UV g ¼
U i n
where UV g = use value of the species, U i = number of use citations of the species mentioned by each informant, n = total number of informants.
Results and discussion
A total of 99 wild bird species were recorded, distributed across 40 families and 81 genera (Table 1) . These birds were used as food, raised as pets, and used for traditional medicine (Fig. 2 ). In the three study areas, Thraupidae (12 species), Columbidae, Accipitridae, Icteridae (8 species each), and Tinamidae (6 species) were the most diverse families. This corroborates with other studies [13-15, 21, 22] that show that the use of birds is a widespread activity in the semi-arid region of Brazil, where it is rooted in popular culture and includes several species [14, 21] . The same bird can be captured and used in several ways, along with its by-products, by several populations in Brazil and in the world [15, 17, 21, 23] . All the recorded species occur in Brazil [1, 2] , and Sporophila albogularis, Icterus jamacaii, Paroaria dominicana, Eupsittula cactorum, Cyanocorax cyanopogon, and Compsothraupis loricata are [2, 24, 25] . Spinus yarrellii is classified as "vulnerable" in lists of endangered birds; populations are in decline mainly due to over-exploitation and illegal trade [12, 26] . Birds of the Thraupidae and Icteridae families have been demonstrated in several studies in Brazil [12-14, 21, 22, 27-29] , in which they were mainly reported as pets since they have very attractive colours, as well as a beautiful and pleasant song, according to locals. As for the Columbidae and Tinamidae families, because they include species with a higher body mass [14, 29, 30] , they are one of the interviewees' most preferred species for food; this was observed by some researchers in other regions of Brazil and is recognised and mentioned in the literature as an important food resource for the population of the northeastern semi-arid region of Brazil [21, 30, 31] . It is noteworthy that this study, as well as those [12] and Fernandes-Ferreira et al. [21] , was conducted in rural communities, where wild birds are mainly used for food and captive breeding. Several studies identify the value of the Emberizidae family in the context of birds used in Brazil [12, 13, 21] . However, the Brazilian Ornithological Record Committee [2] has recently relocated the Brazilian Emberizidae species to the Thraupidae family, which explains the high number of species from this family that were recorded in the present research.
Regarding the Accipitridae family, species are generally killed for retaliation purposes [32, 33] . These birds have had to change their hunting habits in some regions of Caatinga due to habitat loss and fragmentation, including adding more domestic animals in their diet, thereby generating conflicts with the human populations living in these areas. One of the causes of this change is the destruction of vegetation, which reduces hunting territory and the frequency with which prey is found [32, 33] . However, in the present study, after slaughter, these species are used as food.
The UVs ranged from 0.05 to 0.8 (UV g ), 0.05 to 0.8 (UV p ), and 0 to 0.2 (UV c ) in the municipality of Lagoa. In São Mamede, these values ranged from 0.02 to 1.0 (UV g ), 0.02 to 0.94 (UV p ), and 0 to 0.19 (UV c ). As for Solânea, the UVs ranged from 0.01 to 1.15 (UV g ), 0.01 to 1.02 (UV p ), and 0 to 0.21 (UV c ) ( Table 1) . Thus, the UV c were basically the same in all the studied areas. In terms of their UV g , P. dominicana, Columbina picui (both with 0.8), and Columbina talpacoti (0.7) in Lagoa; P. dominicana (1.0), C. picui, and C. talpacoti (both with 0.84) in São Mamede; and S. albogularis (1.15), Colorhamphus parvirostris, and P. dominicana (both with 1.09) in Solânea stood out because they had the highest UV. With regard to their UV p , P. dominicana (0.8), C. picui, and C. talpacoti (both with 0.65) in Lagoa; P. dominicana (0.94), I. jamacaii (0.88), and C. cyanopogon (0.79) in São Mamede; and P. dominicana (1.02), S. albogularis (0.94), and C. parvirostris (0.9) in Solânea were the most prominent species. As for their UV c , C. talpacoti (0.2) and C. picui (0.15) in Lagoa, C. picui (0.19) and Nothura boraquira (0.14) in São Mamede, and S. albogularis (0.21), C. parvirostris (0.19), and Sporophila lineola (0.18) in Solânea were the most prominent species.
Species with high use values (UV c and UV p ), such as S. albogularis, C. talpacoti, C. picui, S. lineola, P. dominicana, I. jamacaii, and C. parvirostris, have been recorded in several studies involving local populations in Brazil [12-14, 21, 34] . There is a need for in-depth studies of the distribution and abundance of these species, as well as of the impacts caused by the indiscriminate removal of these species from their natural environment. Another important finding is that, independent of the studied localities, there was a great valuation of some species, such as P. dominicana, S. albogularis, and the species of the genus Columbidae sp., which suggests a possible standard of use for such species.
From the data, we observed variation in the ranking of the species with different UVs, which indicates that the species that are actually used (UV c ) may be under a high pressure of use and overexploitation. With respect to the UV p , these species also require attention because they are potential targets for use and may be incorporated into regular use if the species that are actually used become extinct [20, 35, 36] . This distinction also identifies that several factors (i.e. purpose of use, local availability, abundance, and cultural factors) are associated with the choice and use of wild birds [13, 21, 31, 34] .
The majority of the species had UV g lower than one (1); nevertheless, four species had higher values, reflecting the local importance of these animals in the studied areas. Use value [37] [38] [39] is the most widely used technique among different researchers, and its results are generally interpreted as the possible use pressure on the species [40] [41] [42] [43] . However, it does not distinguish between current use (effective) and potential use; therefore, the application of the UV g becomes unreliable for allocating a high number of potential uses in the analysis. This distinction between knowledge and effective use needs to be addressed in future studies for the development of conservation and management initiatives based on accurate information, for species that are actually under pressure [20, 34, 35, 44] .
Such information shows that the application of the UV, from the differentiated formulas, results in more cohesive and in-depth diagnoses with respect to the cultural importance of the mentioned species [20, 35, 36] . Soares et al. [34] noted that the differentiation between current use and potential use is important for conservation studies since it can better explain the effective use of natural resources, in addition to being significantly different from the general use value. Rearing (pets) was the use category with the highest number of species (Table 1) , with 22, 41, and 47 species recorded in Lagoa, São Mamede, and Solânea, respectively. These data corroborate several studies [12-14, 21-23, 27, 45-47] involving bird breeders, free-market traders, wild bird markets, and rural community residents, proving that this activity is widespread in all regions of the world. Alves et al. [47] estimate that 400 wild bird species are illegally traded in Brazil. This richness of species can also be observed in Southeast Asia (291 species) and Africa (354 species) [48, 49] . Birdsong, followed by colour and an affection for birds, is the most important and decisive factor for choosing a species for rearing in captivity [12, 13, 21, 23, 46] . P. dominicana, C. picui, C. talpacoti, I. jamacaii, S. albogularis, and S. lineola were the species that were most frequently cited for captive breeding in the three communities. They are used due to their song and plumage beauty, which, according to Sick [1] , are the main factors that motivate captive breeding. In several regions, the practice of keeping birds in cages is so widespread that people still use ornamental cages, or even cages containing fake birds (i.e. ornaments or artificial birds) [12, 13] .
Thraupidae was the most cited family in the pet category (10 species) ( Table 1 ). S. albogularis had the highest current use value (UV c = 0.21), suggesting that it is possibly under the pressure of use. Species of different families are bred in several regions worldwide [12-14, 21, 22, 27, 45, 50] . However, because they have a large repertoire of vocalisations, species belonging to the Thraupidae family are more frequently used and stand out in comparison with the others; this family is one of the most confiscated wild bird families in the illegal wildlife trade in many parts of the world [27, 28, 45, 46, 50] . The wide appreciation and use of species of the Sporophila genus has been demonstrated in several studies in Brazil [12, 21, 22, 27, 46] . Due to their beauty and an appreciation for their song, species in this genus have become very widespread in the region.
The use of wild birds as a food resource was the most cited category of use in Solânea (52 species), with R. rufensces, Crypturellus tataupa, and C. picui being the most prominent species. In Lagoa and São Mamede, food was the category with the second highest number of species (16 and 29 species, respectively), with C. talpacoti, C. picui, Zenaida auriculata, and N. boraquira standing out. These species are used in both communities because of their abundance, the ease with which they are captured (Columbidae), and their body size (Tinamidae).
The consumption of wild birds has occurred in some regions of northeast Brazil since 1600 [29] . Due to high diversity, the number of individuals, and their high protein value, birds became an important food resource for the population of the northeastern semi-arid region of Brazil [14, 22, 30, 31] and around the world [22, [51] [52] [53] [54] [55] [56] . Due to the extreme seasonal changes in this ecosystem, populations developed a strong dependence on the animal resources available in the environment [16, 17] . The majority of the used species as food are of great nutritional importance for the families living in the Sertão region [14, 22, 30, 31] . Parry et al. [53] and Van Vliet et al. [54] showed that the consumption of meat from wild animals goes beyond the local ambit, making this meat product present in several wild animal markets; this led to an increase in the capture and slaughter of these animals, causing severe impacts on the populations of the involved species.
Species belonging to the Columbidae and Tinamidae families represent the most important Brazilian used as food birds, since they provide the rural populations with some of the proteins that are indispensable for survival [1, 30, 31] . Robinson and Redford [55] explained that species of these families are among those that are most used for subsistence hunting in the Neotropical region. Bezerra et al. [30] and Endo et al. [56] stated that these species have a significant body mass in common, which is a decisive characteristic when hunting for food purposes. However, Mendonça et al. [31] showed that, although species of the Tinamidae family have a larger body mass, compared to the Columbidae species, the availability and abundance of columbiform birds makes their family highly valuable for food purposes. However, if there are no large-sized species, such as those of the Tinamidae family, the informants explained that typical and easily available species are more widely used, as reported by Bezerra et al. [30] and Mendonça et al. [31] . Alves et al. [12] noted that Columbidae species are also widely used in captive breeding (pets), corroborating the present study, in which the use of C. talpacoti and C. picui was recorded in Lagoa and São Mamede. According to Marini et al. [57] , many species of the Columbidae family are adapted to disturbed and/or anthropogenised habitats and reproduce throughout the year, which may explain the wide availability and diversity of use of the species, as mentioned in the present study.
Some species are used in traditional medicine (8 in São Mamede, 5 in Solânea, and 1 in Lagoa) ( Table 2) , corroborating other studies in Brazil and worldwide [17, 49, [58] [59] [60] [61] [62] . These studies noted that birds are frequently used for medicinal purposes in local cultures, either through the use of body parts or the whole bird. For example, C. cyanopogon (white-naped Jay) is raised in captivity with the intention of absorbing the diseases (asthma and bronchitis) of sick people, according to the informants. This bird is kept in captivity until the patient is cured, as reported in other studies in the Caatinga region [17, 21, 60, 61] .
Rhynchotus rufescens and N. boraquira were the most cited species (3 and 6 citations). The medicinal species recorded in the present study corroborate with the results of other studies [17, 58, 60, 61] . The medicinal use of Nyctibius griseus was recorded for the first time in our study. Its feathers are burned and used to make tea for people with fatigue or asthma. Costa-Neto and Alves [61] recorded 47 species of wild birds that were used for medicinal purposes in Brazil and Bezerra et al. [60] recorded six new species that were used for this same purpose. These data indicate that at least 54 species are used for medicinal purposes in Brazil, corresponding to 45% of the wild bird species used in Latin America [17] .
In the present study, the use of body parts of Coragyps atratus, such as the feet and toasted feathers to make tea for the treatment of fatigue and alcoholism (to stop drinking), was recorded. The use of parts of C. atratus was reported in other studies, for several therapeutic purposes, such as the treatment of asthma [17, 21, 59, 60, 62] , earache [21] , alcoholism [17, 60] , and alternative therapies in the treatment of cancer [59] . However, Bezerra et al. [60] emphasised that, in the case of alcoholism treatment, the patient cannot know he/she is ingesting the traditional preparation of toasted feathers.
According to Alves et al. [58] and Feng et al. [63] , several factors must be considered in future studies aimed to investigate the use of animals in traditional medicine, such as the suffering caused by the capture processes and the preparation of treatments, as well as the risks to those who consume such medicines. Alves et al. [58] and Costa-Neto and Alves [61] state that the therapeutic purpose of faunal resources should be a topic of discussion in conservation biology, public health, the sustainable management of natural resources, biological prospecting, and patent law. Bezerra et al. [60] emphasise that there is no available information on the use and applicability of remedies formed from wild birds, as well as on their pharmacological efficacy; this highlights the need for in-depth studies on this subject.
Several studies [21, 23, 27, 28, 31, 45, [51] [52] [53] [54] [55] [56] have highlighted that, despite the different forms of use attributed to birds by contemporary societies, food and illegal trade are the main purposes that lead to the slaughter and capture of wild birds around the world and are among the main factors responsible for declining populations [23, 27, 55, 64] . The use of biodiversity negatively affects ecosystems, causing a large population decline of several species around the world [64] [65] [66] . On the other hand, the use of these resources plays a fundamental role in the life of the people living in the Sertão region of northeast Brazil, especially during long drought periods when the growth of agricultural crops becomes difficult and domestic animals are decimated by hunger and thirst [21, 31] . Although the use of wild fauna is a common practice in northeastern Brazil, in-depth studies on this subject are scarce and there is a lack of information about which species are most used by the local populations, and for what purposes, as well as the implications for the conservation of the exploited birds. Thus, the data presented in this study show that integrating cultural values with scientific analysis and information may elucidate ways of mitigating the impact of anthropogenic pressures on wild bird populations, as well as contribute to future efforts for the conservation of the used species.
Conservation implications
According to the IUCN [26] , Brazil is the country with the most endangered avifauna. A total of 189 bird species are on the global list of endangered species [26] , and 160 are on the national list [11] . Excessive capture represents the main threat to Brazilian avifauna [12, 27, 28] , followed by other factors, such as habitat loss and fragmentation, the introduction of exotic species, pollution, changes in the dynamics of native species, and persecution [3, 67] . Despite being illegal, hunt activities are closely associated with cultural issues [12, 21, 31, 53, 54, 56, 68] and most used species are of great nutritional importance to the people from the Sertão region [12, 14, 30, 31] . Most of the population of the semi-arid region of Brazil lives in poor socioeconomic conditions [17] ; therefore, according to Santos and Costa-Neto [29] , it is difficult to discuss biodiversity conservation when a considerable part of the population must resort to the wild fauna as a subsistence alternative.
Birds are the animal group under the strongest anthropogenic pressure in the northeastern semi-arid region, both economically (e.g. songbirds) and from the point of view of subsistence trophic connection [12-14, 21, 30, 31, 45] . Several studies [64-66, 68, 69] have noted that the over-exploitation of wild birds causes imbalances in food, involving other groups and having serious environmental consequences. According to Harrison [66] and Reyers et al. [69] , most of the used species are pollinators and seed dispersers, so the hunting of wild birds in the Caatinga region has important conservation implications. The species used by local human populations are listed as endangered animals [11, 26] , such as Spinus yarrellii, which was recorded in this study and is categorised as vulnerable according to the Ministry of Environment (MMA) [11] .
Marini and Garcia [3] claim that, in Brazil, few states have compiled lists of endangered species, which are essential for publicising information on fauna and influencing and directing conservation measures. The rapid development of lists at the regional level verifies the availability of wild bird populations, indicating species that are under hunted pressure.
Conflicts between wildlife and humans consist of a widespread conservation issue that is a growing interest for conservationists [32, 33, 65, 66] . In this perspective, ethno-ornithological studies are good interpretive tools through which to study the interactions between humans and birds in any given region [13, 15] ; they contribute to ensuring that wild fauna is properly valued, not only from an ecological point of view, but also economically and socially, in addition to providing subsidies for the implementation of environmental management and species conservation [70] .
According to Baruch-Moro et al. [70] , both traditional knowledge and scientific information should be combined to solve practical problems, organising the hunt activities in a sustainable way by including community participation in species conservation.
Final considerations
The residents of the studied communities have a relevant knowledge of the avifauna, as well as of their forms of use. The use of the different UV calculations provided an accurate observation of the actually used species, that is, it identified the birds that are under a high pressure of use.
The main form of avifauna use in the three studied communities was related to breeding, followed by food. This fact can be demonstrated by observing the highest UVs of the species listed by each informant.
The present data show the importance of conducting studies involving traditional knowledge, since they highlight relevant information that can be used in the development of management and conservation plans; this makes the sustainable use of resources relating to the fauna in each community possible, especially in regions of the Caatinga, which has suffered from strong anthropogenic actions. 
